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COMPOSITION, METHOD AND APPARATUS 

FOR iNDiirmc ro?>rrRQT j.Kn r ocNmvE dtsordkr 

BArKCPOTTNn 

S Pfiesteria piscicida is one member of a family of dinoflagellate 

microorganisms which inhabit estuaiine waters in the western hmiisph^. Pfiesteria 
piscicida is generally associated with North American estuarine waters along the mid- 
Atlantic coast PfiesteriaAike species exhibit an unusual and comphcated life cycle 
which involves both plant-Uke and animal-like stages. While this life cycle is still 
10 incompletely characterized, certain Ufe cycle stages have been associated with 
production of an exotoxin which is hannful to both fish and humans. 

PfiesteriaAike species are prey generalists that attack a wide array of finfish 
and shellfish after detecting a substance(s) in the fi-esh prey secreta. When live fish 
are not available, the nontoxic stages consume bacteria, algae, and microfaima; they 
15 also have been observed to scavenge fish remains. 

Pfiesteria piscicida has been implicated as the primary cause offish kills 
along the mid-Atlantic coast. Low oxygen levels followed by warm water 
temperatures and increased nutrient enrichment have often preceded Pfiesteria 
infestation. Even when 0.2-miCTometer filtration is used, fish are still killed, leading 
20 to the conclusion that it is not the Pfiesteria that is killing the fish but their toxins. 

The toxins produced by Pfiesteria and related organisms have not yet been 
fiilly characterized, but reports of isolation of both water-soluble and lipid-soluble 
toxin fiactions have been made. Several features of the toxin(s) are noteworfliy. 
First, the toxin(s) appears to be an exotoxin directly secreted into the environmrat 
25 This makes sense if fish predation is indeed an ecologic strategy of the organism, but 
it is novel among known dinoflagellate toxins inducing human disease. Second, 
although die environmental half-Ufe of secreted toxins(s) is not known, empirical 
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Maryland watennaa Grattan et al. (1998) report on the assessment of 24 people who 
had been exposed to toxins produced by iyjcsrcrifl /iiydcw^ 
dinoflagellate species seen in Maryland waterways. 

Despite the present eflForts to eradicate Pfiesteria piscicida^ the present 
5 invCTtion utilizes the toxins ftom Pfiesteria and Pfiesteria-Vk^ organisms for new and 
useful puiposes. 

SUMMARY OF TNVF.T^nN 

The presrat invention includes the harvesting and use of controlled amounts of 
toxin(s) fiom Pfiesteria, and /^cs/eria-like organisms, to effect the controlled 
10 disruption of cognitive function in humans and animals. 

A neurotoxic composition is provided which includes toxin obtained fiom a 
Pfiesteria or Pfiesteria-^t organism; preferably Pfiesteria piscicida. The neurotoxic 
composition can include a sufficient amount of toxin so as to produce a controlled 
state of cognitive disorder. 



^ 5 The invention also provides a method oif emulating symptoms of a disease 

resulting in cognitive disorda-. The method includes administering toxin derived 
fiom a Pfiesteria or Pfiesteria-likG organism, preferably Pfiesteria piscicida, in an 
amount and/or under conditions which induce a controlled state of cognitive disorder. 
In a prefored embodimoit, the effective amount can be administered to obtain a 

20 particular level of cognitive disorder and can be administered to ensure reversibility of 
the mdiiced state of cognitive disorder. The toxin can be lipid soluble, of water 
soluble, or contain components which are lipid soluble and components which are 
water soluble. Also, a composition containing lipid and/or water soluble Pfiesteria 
derived toxin(s) can be administered. In a preferred embodiment, the emulated 

25 cognitive disorder disease is Alzheimer's disease. 
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An anti-toxin or anti-venom is also provided by the invention. The anti-toxin 
or anti-vmom can be derived 6om a dinoflagellate, attenuated or imattiniiiyfH, or a 
molecule resembling the toxins of the dinoflagellate, which includes Pfiesteria, to 
produce an anti-toxin or anti-venom which prevmts symptoms caused by Pfiesteria 
and/or dinoflagellates or their toxins in human beings and animals. 

Presently, many diseases invohdng cognitive disorder, such as Alzheimer's 
disease, are difficult to research because of the difficulty in emulating such cognitive 
disorders in test animals or subjiects. The compounds of the invention, as well as the 
method of emulating disease symptoms which include cognitive disfunction, can 
greatly assist investigation into such diseases. Other uses for the Pfiesteria toxin are 
also disclosed and claimed. 



With these and other objectives, advantages and features of the invention that 
may become apparent, the nature of the invention may be more cleariy underetood by 
reference to the following detailed description of the invention, the appended claims, 
and to the several drawings attached herein. 

BRIEF PFsmrPTroTv nir thf i>r awtncts 

Figure 1 is a flow chart for the harvest and delivery of the Pfiesteria toxin; 
Figure 2 is a flow chart for the controlled release of the Pfiesteria toxin; 
Figure 3 is an apparatus for delivering the Pfiesteria toxin; 
Figure 4 is an apparatus for delivering the Pfiesteria toxin; and 
Figure 5 is an apparatus for delivering the Pfiesteria toxirL 

DETAn.En DRSnttTimn N of thf TNVirNTTf> ]Vf 

The composition, mediod an apparatus of the invention utilize Pfiesteria 
toxins. The use of the term Pfiesteria toxins herein is meant to include those toxins 
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The method can be used to induce revasible mcapacitation in a maninial by 
administering toxin derived from Pfiesteria or Pfiesteria-Ukc organisms in an amount 
and/or conditions which induce a non-lethal state of cognitive disorder. This mefliod 
can further include the administration of an anesthetic. This method can be utilized 
5 for any situation where it is desirable, through cognitive disorder, to temporarily 
incapacitate a manunal or individual. 

hiducing a controlled state of cognitive disorder may also be used during 
surgical techniques to prevent or reduce any memory of the surgery. The Pfiesteria 
toxin may be combined with anesflietics to effect not only the abiUty to feel pain, but 
1 0 to remember. It is contmplated that Pfiesteria toxins may be mixed directly with 

known anesthetics or supplied separately to a patient in combination with anesthetics. 

Although Pfiesteria and PflesteriaAike organisms are capable of producing a 
toxin that will induce cognitive disorder, it is preferable to sq>arate the toxins fiom 
the organism for widespread use. It is not desirable to introduce a Pfiesteria organism 
IS into a host with the toxin because controlled release of the toxin may no longer be 
possible. It is also desirous to remove the toxins so as not to spread Pfiesteria into 
environments that are otherwise free of the organism. Prohibitions on biological 
warfare and on the spread of toxic organisms also favor removal of the toxin from the 
actual organism. 

20 The ability to isolate Pfiesteria toxins is known in the art Researchers have 

recently discovered methods of sqiarating Pfiesteria toxins fix)m the Pfiesteria 
organism. A fat soluble toxin called "Nogatoxin** has been isolated, as well as a water 
soluble toxin. NIEHS(1997). The ability to isolate both lipid and water soluble 
toxins from Pfiesteria and related organisms is also acknowledged by Oldach et aL, 

25 p.l 15 (1997). Now that at least some of the toxins have been isolated, researchers are 
attempting to identify their chemical structure. Levenworth (1 997). 

Identification of the molecular structure of the toxins ultimately will inq)rove 
the effectiveness of harvesting or replication of toxins from Pfiesteria-Uix species. 
Researchers typically rephcate the conditions of estuarine waters, including 
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neurotoxic composition for inhalation, ingestion, injection, dermal absorption, or any 
other known form of drug deliveiy. 

The Pfiesteria toxin may also be packaged for amtroUed release ova- an 
extended period of time. For example, Pfiesteria toxins may be contained in 
5 mgestible pump or dennal patch that releases low levels of the toxin over an extended 
period of time. The low level exposure to the Pfiesteria toxin wiU peimit a desired 
cognitive disorder state to be induced in the user. High level exposure is also possible 
and will provide more immediate cognitive disorder. 

In Figure 2 a method for obtaining a culture of the toxins and placing it in a 
1 0 solution for controlled delivoy is shown. 

The present invention expressly contemplates the use of the toxin(s) or Ae 
original dinoflagellate, attenuated or unatteaiuated, or a molecule resanbling the 
toxin(s) or the dinoflagellates (which includes Pfiesteria) in the manner which results 
in the production of an anti-toxin or anti-voiom or like substance, for the purpose of 
15 preventing the above symptoms and disease caused by the organism Pfiesteria and/or 
the dinoflageUate family or their toxin(s) in human beings and animals. 

These anti-toxins may be administered separately in response to a Pfiesteria 
attack or may be mixed with the Pfiesteria toxins. The toxins and anti-toxins may be 
administered separately or together in dififerent time released formats so as to achieve 
!0 the desired state ofcognitive disorder for the desired time period. The present 

invention also contemplates the controUcd delivery of the anti-toxin or anti-venom. 

The abihty to induce a controlled state ofcognitive disorder is extremely 
useful as auon-ledial inc^acitating agent and/or m non-lethal weaponry. There is a 
need for non-lethal incq)acitating technology which is capable of rendering a 
5 threatening subject (such as a deranged animal or an incarcerated human), perpetrator, 
or aiemy hannless while not killing the subject This is especially so where target 
subjects, e.g. enemy units, terrorists, etc., are mixed with civilians. Traditional forms 
of non-ledial weaponry include tear gas, pepper spray, rubber bullets, tazers and the 
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delivered sqjarately or in combination with other forms of we^onry, sudi as with 
tear gas or on in cluster bombs on a cruise missile. 

In Figure 3 a projectile 1 is provided. A Pfiesteria toxin compartment 4 is 
provided inside a protective compartment 3. A perforation device 2 is provided to 
assist in ensuring that the toxin is released when the projectile hits its intended target 
The projectile 1 may be delivered through an air gun or may be provided on a 
traditional ballistic. The toxin may be delivered through tear gas type gun and 
projectile and may even include tear gas as a second agent. The projectile 1 may be 
included in or with a rubba- bullet or traditional cruise missile weaponry. 

Figure 4 is an aerosol delivery system. A Pfiesteria toxin solution is provided 
in container 8. A compressed gas is provided in container 9. When trigger 10 is 
depressed^ the mixing valve 7 releases a controlled amount of toxin fiom the 
Pfiesteria toxin container 8 and compressed air fiom 9 through a nozzle 6. 

Figure 5 is a toxin distribution device. A Pfiesteria toxin solution container 
17 is provided The toxin solution passes through a metering device 16 and control 
valve 15 through a connector 14 to a distribution bar 1 1 . The solution is released 
through nozzles 12 that are each controllable. Connectors 13 can be provided to 
attach the device to a plane or helicopter. 

Those of ordinary skill in the art will recognize the large commercial use of 
the composition, ^aratus, and method herein described to those in the medical and 
research community, the law enforcement, and military. Those of ordinary skill in the 
art win also recognize that the invention herein described and claimed may be 
modified and is not limited to the specific embodiments herein described. 

EXAMPTrF. 

An example is provided for a method of the invention. More particularly, an 
example is provided for a method of emulating symptoms of disease resulting in 
cognitive disorder. 



11 



wo 00/10577 



swimmiig amoebae or dagellattd zooq)ores. 



When fl,e a toxk prod^fag 6^ „ 

*^e„™n^C ll«.o-^,«,e„betave«ed.„dUo<«e.By„«fcodsW. 
a^.^o„,e<,.e.b.^.ei„^a.Bc«,^.«,.,^^„^,.J^ 

When fte toxin been faolat«l, i, fa phced in a deli^abte ftnn 6, 
«eddeliveo-. An,lo«™te,of4„gdeBve^„,be used Bxan^te 
^^Mea.e»^pa«„„i.^,,^ T1«»xin„,yb,naed JZ, 
n»»tox.e„„„„,„^^,^^^^^_^^^_^ 

a eon^non can include an adin™. or pbannacentea, aeoep* 

w..cb„on,d™a,„,eco..po«ndasni«e.^<^deave.„Z.^^ 
by ingestion, injection, or otherwise. 

aa„ffic'*!'°"°'°''''°"'™*'°'°"'^'''^»"'*«^-°>^ 
~w.„.a^dep««,in,.po„^.^„,^^^^^_^J_^* 

»^ ^'"'^"'""'^"'''^''"'"'^"■'''"^'^-^'"-■b.u^d 

.o-,^wbicK«„,.inc„gnidv.dis.*. MuWpl.,ecipi««,.ia,. 
r.la.ve„^„«„^„,„^^^^^^ 

investigalMn of drug efficacy. 

*"'»*'-taveb««,describ«iwtea.,pr«e„ttj,Mie«dtob.d„ 
prefa«.«bodin™^of«.invenS™,«^^„«,i„a.„^^ ' 

ctagesandnKxMcatoan^ben^a^^^^^^ 



12 



wo 00/10577 




PCTAJS99/18219 



the invention, and it is intended to claim all such changes and modifications as fell 
within die true scope of the invration. 
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I claim: 

1 . A neurotoxic composition comprising toxin obtained fiom a Pfiesteria 
or Pfiesteria-Uke organism. 

2. A composition as described in Claim 1 wherein said Pfiesteria is 
Pfiesteria piscidda. 

3- A composition as described in Claim 1 wherein said toxin is present in 
an amount sufficient to produce a controlled state of cognitive disorder. 

4. A method of anulating symptoms of a disease resulting in cognitive 
disorder, said method comprising 

administering toxin derived bom a Pfiesteria or /^es/ena-like 
organism in an amount and/or under conditions which induce a controlled state of 
5 cognitive disorder. 

5. A method as described in Claim 4 wherein said Pfiesteria is Pfiesteria 
piscicida, 

6. A method as described in Claim 4 wherein said effective amount is 
administered to obtain a desired level of cognitive disorder. 

7. A method as described in Claim 4 whwein said effective amount 
and/or conditions are controlled to ensure reversibility of said induced state of 
cognitive disorder. 

8. A method as described in Claim 4 wherein said toxin is lipid-soluble. 

9. A method as described in Claim 4 wherein said toxin is water-soluble. 

10. A method as described in Claim 4 wherein said toxin comprises a 
lipid-soluble component and a water-soluble component 



15 



wo 00/10577 

r<^Bn9/18219 

disease." '''""^'^'^''^^^'^^''^^<^<^^isAl^„'s 



12. A method for inducing reversible incapacitation in a nunmnal 

compnsmg: 



administering toxin derived fiom Pfie^eria or Pfiesteria-m 
>unt and/on 

5 lethal state of cognitive disordCT. 



"3. A-°«««xl>steail«linChtol2wlKnansaid^»«^ 

rflesteria piscicida, 

14. AmelhodasdescribedinCIaiml2whichfurthercomprises 
admmistering anesthetic in combination with said toxin. 

1 5. A method of inducing cognitive disorder comprising the steps of: 

collecting Pfiesteria toxin fixm, Pfiesteria or Pfiesteria-Wt 

organisms; and 

administering contioUed amounts of said coUected Pfu 
toxm sufficient to induce a state of cognitive disorder. 



lesteria 



16. A method as claimed.in Claim 15 wherein said/>/7e./er«r toxins are 
admmistered to test subjects for drug efficacy testing. 

forAlJLstr^^'""''""""-""^---^^ 

18. AmethodasclaimedinClaiml5furthercomprising: 
toxin. administering anesthetic in combination with said Pfiesteria 
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19. A method as claimed in Claim 15 further comprising: 

administCTng a non-lethal agent in combination with said 

Pfiesteria toxin. 

20. An apparatus for inducing cognitive disorder comprising: 

a predetennined amount of Pfiesteria toxin that has been 
sq)arated from a Pfiesteria or Pfiesteria-like organism; 

a delivery system for delivering said predetermined amount of 
5 Pfiesteria toxin to induce a state of cognitive disoider 

21. An ^paratus as claimed in Claim 20 wherem said delivery system is 
an aerosol. 

22. An ^paratus as claimed in Claim 20 wherein said delivery system is 
ingestible. 

23. An apparatus as claimed in Claim 20 wherein said delivery system is 
transdermal. 

24. All apparatus as claimed in Claim 20 wherein said delivery syst«n 
fiather comprises an extaid release capability for releasing controlled amounts of said 
Pfiesteria toxin over a predetermined period of time. 

25. An apparatus as claimed in Claim 20 wherein said delivery system is 
capable of inducing a state of cognitive disorder m test animals. 

26. An apparatus as claimed in Claim 20 further comprising: 

a mixing device for mixing said predetermined amount of 
Pfiesteria toxin with a second agent. 

27. An apparatus as claimed in Claim 26 herein said second agent is a 
form of tear gas. 
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P^9 



28. Anappaxatusasclaimedmaaimaewhereiasaidsecoiulagentisan 
anesthetic. 



29. AnapparBtusasclaimedinClaim20wheremsaidi>^e,/^toxm 
co^pn^alipophilictoxinandahy 

.smafirstdehv^ysystcmandsaidhydn^pIuHc toxin is inaseconddcHve^ 

30. AnapparatusascIainaedinClaim29wher«nsaid&staHdsecond 
deUvery systems are different 

31- ■'^Waratus as claimed in Claim 2n ^ 

'^'^'"'''^ 20 fiirthercompnsmg a projectile 

that IS capable of housing said deliveiy system. 

32. AnapparatusasclaimedinCIaimaiwhereinsaidprojectaeisa 

missile. 



33. An anti-toxin or anti-venom composition comprising: 

an anti-venom or anti-toxin derived fiom a toxin which 
con^nses an attenuated or unattenuateddinoflageIlate.wWc^ 
molecule resembling the toxin or the dinoflagellate; 

wherein said anti-toxin or anti-venom compound prevents 

Wtoms caused bytheorganismi^^e,/^ and/or thedinoflagellate or th^^ 
in human beings and animals. 



or a 
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